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DESCRIPTION 



MAGNETIC HEAD ASSEMBLY AND MAGNETIC DISK DRIVE 



TECHNICAL FIELD 

The present invention relates to a magnetic disk drive 
for writing to and reading from a magnetic disk using a magnetic 
read/write element on a magnetic head slider by operating an 
actuator mechanism having a magnetic head assembly at the tip 
while rotating the magnetic disk and moving a position of the 
magnetic head slider with respect to the magnetic disk, and relates 
to a magnetic head assembly which is used in this magnetic disk 
drive and comprises a head slider and a suspension. 



BACKGROUND ART 

Generally, as shown in Fig. 16, a magnetic disk drive is 
provided with a magnetic head assembly 3, which further comprises 
a magnetic head slider 1 and a suspension, a magnetic disk 2, 
magnetic disk rotation drive means 16, such as a spindle motor, 
and an actuator mechanism 13 (including a bearing 14 and voice 
coil motor) for moving the magnetic head assembly 3 along the 
information recording surface of the magnetic disk 2, which are 
housed in a body 17 made of such metal as an aluminum alloy. 

Fig. 17 is a diagram viewing the magnetic head assembly 
3 from the magnetic disk side, and Fig. 18 is an exploded 
perspective view of the magnetic head assembly 3 in Fig. 17. 
In Fig. 17 and Fig. 18 the suspension 4 comprises a flexure 5 
further comprising a plate spring 9, which is a plate holding 
the magnetic head slider 1 at the tip area and a flexible circuit 
8, and a load beam 10 for supporting the tip of the flexure 5 
with a dimple 12. 

The magnetic head slider 1 has a magnetic read/write element 
for reading and writing data from/ to the magnetic recording medium, 
and which very slightly floats over the magnetic disk 2 by an 
air flow which is generated by the rotation of the magnetic disk 
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2. The magnetic head slider 1 comprises a positive pressure 
generation section and a negative pressure generation section 
on the surface facing the magnetic disk 2, which are designed 
such that the floating profile on the entire magnetic disk 2 
becomes constant under a predetermined temperature and pressure, 
because of the static load from the suspension 4 and the balance 
of the positive pressure and negative pressure generated by the 
magnetic head slider 1. 

Conventionally the operating temperature range of a 
magnetic disk drive is limited to 5°C to 55°C / for example, in 
terms of the reliability of the device and magnetic 
reading/writing, and normal operation is guaranteed on the 
assumption that the user of the magnetic disk drive will pay 
attention to the operation environment thereof. 

In the case of a magnetic disk drive installed in a car 
navigation system, for example, the magnetic device is installed 
directly behind a motor fan, for example, in the car navigation 
system, so that when temperature is higher than the guaranteed 
temperature range of the magnetic disk drive, air cooling is 
performed by the motor fan, and when the temperature in the car 
navigation system abnormally rises, the magnetic disk drive and 
car navigation system shut down so as to avoid the loss of 
information on the magnetic disk drive. On the other hand, if 
the temperature is lower than the guaranteed range, the coercivity 
of the magnetic disk 2 increases, which makes writing difficult 
even if the reading of information is without problems, so the 
writing operation is disabled until the temperature of the 
magnetic disk drive becomes higher than the predetermined 
temperature by the heater of the vehicle main body (e.g. see 
Masahiko Takizawa and other: "Application of HDD to navigation", 
Pioneer Technical Information Magazine, 2002, Vol. 12, No. 1 
[Online] [searched on Oct. 1, 2002], Internet 
<http : //www. pioneer . co . jp/crdl/rd/pdf / 12-1-3 . pdf >) . 

A reason why the operating temperature range of the magnetic 
disk drive is limited to about 5°C - 55°C is that the coercivity 
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of the magnetic disk 2, which records and holds information, 
has a temperature dependency, as described above (e.g. see Tao 
Pan, Geoffrey W. D. Spratt, Li Tang, Li-Lien Lee, Yong Change 
Feng and David E. Laughlin, "Temperature dependence of coercivity 
in Co - based longitudinal thin-film recording media," J. Appl. 
Phys. , 81 (8) , 15 April 1997, pp. 3952 - 3954, [online], [searched 
on Oct. 1, 2002], Internet 

<http: //neon .mems . emu . edu/laughlin/pdf /2 01 . pdf >) , and since 
the current recording density of the magnetic disk drive reaches 
50 gigabit/inch square, it is said that the increase of the 
recording density is about 100% at an annual rate, and as the 
recording density increases the magnetic disk drive has been 
optimized by increasing the coercivity of the magnetic disk 2 
in order to hold the recording information stably in this small 
recording area. Fig. 19 shows an example of the temperature 
dependency of the coercivity of the magnetic disk 2. In the 
example of Fig. 19, the coercivity increases about 9% by decreasing 
the temperature from room temperature (25°C) to -25°C, and the 
coercivity decreases about 10% by increasing the temperature 
from room temperature (25°C) to +75°C. The coercivity changes 
about 19% in the temperature range of -25°C to +75°C, and the 
coercivity changes about 29% in the temperature range of -50°C 
to +100°C. Therefore when data is recorded in a low temperature 
status using a magnetic head slider 1, which was optimized to 
appropriate overwrite characteristics in a room temperature 
status, sufficient writing cannot be performed in a coercivity 
from the head slider 1, and when data is recorded in a high 
temperature status, on the other hand, the leakage magnetic field 
from the magnetic head slider 1 becomes relatively too high with 
respect to the coercivity of the magnetic disk 2, and the area 
to be recorded by the magnetic head slider 1 becomes larger than 
the area to be recorded at room temperature, so such a problem 
as overwriting the recording information on an adjacent area 
occurs. Therefore in the present status the operating range of 
the magnetic disk drive is limited to about 5°C - 55°C. 
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The change of temperature in the magnetic disk drive also 
influences the flying height characteristics of the magnetic 
head slider 1. Fig. 20 shows a typical shape of the magnetic 
head slider 1. The magnetic head slider 1 comprises an inflow 
end 18 of air at the front part and an outflow end 19 of air 
at the back part, and an air bearing surface is created using 
the air flow which flows into the micro-space between the magnetic 
head slider 1 and the magnetic disk 2 . Specifically, the magnetic 
head slider 1 has steps 21 at the inflow end 18 and at the front 
part of the surface facing the magnetic disk 2 of the magnetic 
head slider 1 which protrudes the most, these steps are called 
the rail 22 and the pad 23, and positive pressure is generated 
at the area called the rail 22 and the pad 23 by compressing 
air which flows in from the inflow end 18, and negative pressure 
is generated at a concave area called the cavity 24. Also a 
magnetic reading/writing element 20 is installed near the outflow 
end 19. 

The magnetic head slider 1 has a curved surface called 
the crown, and this crown shape deforms according to the 
temperature, which depends on the difference of thermal expansion 
coefficients between the material of the magnetic head slider 
1 and that of the plate spring 9, which is a thin plate used 
to adhere to and support the magnetic head slider 1. Normally 
this crown shape deforms in the plus direction indicated by the 
arrow mark in Fig. 20 (b) at low temperatures, in other words 
the convex section protrudes more, and the crown shape deforms 
in the minus direction at high temperatures, in other words the 
convex section flattens (e.g. see Japanese Patent Application 
Laid-Open No. H9-231698, page 9, Fig. 11 and Fig. 12). 

The influence of the change of the crown on flying height 
can be determined by actually measuring the flying height or 
by numerical analysis, but it is known that the flying height 
increases as the crown changes to the plus, and the flying height 
decreases as the crown changes to the minus. 

At the moment the amount of air gap between the magnetic 



head slider 1 and the magnetic disk 2, that is the flying height 
of the magnetic head slider 1 with respect to the magnetic disk 
2, drops to about 15 nm to implement high recording density, 
and one factor causing contact between the magnetic head slider 
1 and the magnetic disk 2 is the change of flying height, which 
is caused by the change of the crown due to the change of temperature . 
As a technology to decrease the change of flying height caused 
by temperature, a technology of using a temperature compensation 
element to stabilize the change of the crown value caused by 
temperature was disclosed (e.g. see Japanese Patent Application 
Laid-Open No. H7-153049). Also a technology of using the 
difference of the thermal expansion coefficients between the 
plate spring 9, which is a thin plate for adhering the magnetic 
head slider 1, and the magnetic head slider 1, so as to stabilize 
the change of the crown value by temperature, was disclosed (e.g. 
see Japanese Patent Application Laid-Open No. H7-320435, Japanese 
patent Application Laid-Open No. H7-65525 and Japanese Patent 
Application Laid-Open No. H7-307068). By using these 
technologies, the change of the crown value of the magnetic head 
slider 1 caused by the change of temperature can be suppressed. 

As a prior art to solve the problem of the reliability 
of magnetic reading/writing which is caused by the change of 
the coercivity of the magnetic disk 2 due to the change of 
temperature, and the problem of the reliability of the magnetic 
disk drive caused by the flying height of the magnetic head slider 
1 due to the change of temperature, a technology of providing 
a temperature sensor and heater and a Peltier element to the 
magnetic disk drive so as to heat and cool according to the external 
temperature, and providing a double structured outer shell so 
that the internal environment is independent from the external 
environment, was disclosed (e.g. see Japanese Patent Application 
Laid-OpenNo. 2002-245749) . By using this prior art , the internal 
environment can be controlled independently from the external 
environment, and the magnetic disk drive can be used under wider 
external environments without diminishing the reliability. 
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Thus far magnetic disk drives have been largely used indoors, 
and the operation guaranteed temperature range of 5°C to 55°C 
caused little problems for magnetic disk drives. However now 
applications which are different from conventional usage are 
already emerging, such as installing a magnetic disk drive in 
a car navigation system, and it is expected that using magnetic 
disk drives under more severe environments will increase. For 
example, under extremely low temperatures below -20 °C, or at 
high temperatures exceeding 70°C, conventional magnetic disk 
drives have problems of reliability of magnetic recording because 
of the temperature dependency of the coercivity of the magnetic 
disk 2, and there is the problem of reliability of the magnetic 
disk drive in terms of the stability of the flying height of 
the magnetic head slider. 

Another technology disclosed is making the magnetic disk 
drive independent from the change of the environment outside 
the device, and controlling the magnetic disk drive using a 
temperature sensor and a heating/cooling mechanism, so as to 
support a wide range of external environments, but with this 
configuration not only these additional elements are required 
but also a delay is generated when the magnetic disk is started 
because temperature is controlled for the internal temperature 
of the magnetic disk drive to be within an operable range. If 
a double structured outer shell is used to make the external 
environment and internal environment independent from each other, 
the size and weight of the magnetic disk drive itself increases, 
which is not appropriate for an application where portability 
is important. 

For stabilizing flying height, a technology for controlling 
the change of flying height of the magnetic head slider 1 caused 
by the change of the temperature by decreasing the change of 
the crown value caused by temperature was disclosed, but in the 
case of the current magnetic head sliderl using negative pressure, 
if the change of the crown value is decreased with respect to 
temperature, then the stability of flying height cannot be uniform 
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on the entire surface of the magnetic disk 2 , and this was clarified 
by an analysis of the flying height of the magnetic head slider 
1 using a modified Reynolds equation by the present inventor. 
Fig. 21 shows the analysis result of the flying height of the 
magnetic head slider 1 with respect to the change of temperature 
when the crown value does not change. The abscissa indicates 
the position of the magnetic head slider 1 in the radius direction 
with respect to the magnetic disk 2, and the ordinate indicates 
a normalized flying height which was normalized by the flying 
height of the magnetic head slider 1 at 25 °C . At high temperatures 
the flying height becomes high when the magnetic head slider 
1 is at the outer periphery of the magnetic disk 2, and at low 
temperatures the flying height becomes high when the magnetic 
head slider 1 is at the inner periphery of the magnetic disk 
2. The change of flying height caused by temperature is highest 
at the outer periphery, which is 10% , and the flying height changes 
about 8% from the inner periphery to the outer periphery at the 
time of low temperatures and at the time of high temperatures. 
This large change of flying height from the inner periphery to 
the outer periphery is not desirable in terms of both the 
reliability and efficiency of magnetic reading/writing and the 
reliability of the magnetic disk drive. In other words, if the 
flying height changes considerably from the inner periphery to 
the outer periphery, the spacing loss factor of the magnetic 
reading/writing caused by flying cannot be uniform between the 
inner periphery and outer periphery, and the efficiency of the 
magnetic reading/writing deteriorates at a position of the inner 
periphery or outer periphery where the flying height increases. 
In terms of the reliability of magnetic reading/writing, if the 
flying height drops further at the inner periphery side when 
the coercivity of the magnetic disk 2 is dropping at high 
temperature status, for example, the write magnetic field could 
become too strong. In terms of the reliability of the magnetic 
disk drive, the flying height decreases at the outer periphery 
at low temperatures, and the flying height decreases at the inner 
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periphery at high temperatures, so the contact of the magnetic 
head slider 1 and the magnetic disk 2 is a concern at both low 
temperatures and high temperatures, and optimization for the 
reliability of the magnetic disk drive is required for both low 
temperatures and high temperatures, which makes optimization 
of the magnetic disk drive difficult. 

With the foregoing in view, it is an object of the present 
invention to provide a magnetic disk drive which decreases the 
difference of the change of the flying height at the inner and 
outer peripheries of a magnetic head slider 1 caused by the change 
of temperature, and can operate in environmental conditions which 
are wider than prior art without using an outer shell and the 
additional elements of a heating and cooling mechanism, and 
without causing a delay due to temperature control at startup 
of the magnetic disk drive, and a magnetic head assembly 3 to 
be used for this magnetic disk drive. 

DISCLOSURE OF THE INVENTION 

To solve the above mentioned conventional problems, the 
magnetic disk drive of the present invention is a magnetic disk 
drive comprising: a magnetic head slider on which a magnetic 
read/write element to read and write information is mounted; 
a suspension comprising a plate spring which is a thin plate 
for adhering to and supporting the magnetic head slider, a flexible 
circuit and a load beam; a magnetic disk for holding information; 
a rotation drive means of the magnetic disk; and an actuator 
mechanism for moving a magnetic head assembly which comprises 
the magnetic head slider and the suspension along the information 
recording surface of the magnetic disk, wherein the magnetic 
disk drive further comprises means for changing a flying height 
of the magnetic head slider with respect to the magnetic disk 
according to the temperature in the magnetic disk drive, and 
the magnetic disk drive further comprises a means of particularly 
decreasing the flying height from the flying height at room 
temperature (25 °C) when the temperature is lower than the room 
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temperature, and increasing the flying height from the flying 
height at room temperature when the temperature is higher than 
the room temperature. 

The magnetic disk drive of the present invention is also 
a magnetic disk drive comprising : a magnetic head slider on which 
a magnetic read/write element to read and write information is 
mounted; a suspension comprising a plate spring which is a thin 
plate for adhering to and supporting the magnetic slide, a flexible 
circuit and a load beam; a magnetic disk for holding information; 
rotation drive means of the magnetic disk; and an actuator 
mechanism for moving a magnetic head assembly which comprises 
the magnetic head slider and the suspension along the information 
recording surface of the magnetic disk, wherein the magnetic 
disk drive further comprises a structure for generating stress 
in the magnetic head assembly by the change of temperature, and 
the crown value of the magnetic head slider is decreased when 
the temperature is lower than the room temperature (25°C) , and 
the crown value of the magnetic head slider is increased when 
the temperature is higher than the room temperature. 

The magnetic head assembly of the present invention is 
a magnetic head assembly comprising: a magnetic head slider on 
which a magnetic read/write element to read and write information 
is mounted, a plate spring which is a thin plate for adhering 
to and supporting the magnetic head slider, a flexible circuit, 
and a load beam, characterized in that -13 . 2xl(T 5 / d C < oti-a 2 < 
-5.5xlO" 5 /°C is satisfied as a relat ionship of the thermal 
expansion coefficient of ai of the plate spring and the thermal 
expansion coefficient a 2 of the magnetic head slider 1. 

The magnetic disk drive of the present invention is also 
a magnetic disk drive comprising: a magnetic head slider on which 
a magnetic read/write element to read and write information is 
mounted; a suspension comprising a plate spring which is a thin 
plate for adhering to and supporting the magnetic head slider, 
a flexible circuit and a load beam; a magnetic disk for holding 
information; rotation drive means of the magnetic disk; and an 
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actuator mechanism for moving a magnetic head assembly which 
comprises the magnetic head slider and the suspension along the 
information recording surface of the magnetic disk, wherein 
-13 . 2xl0" 5 / °C < cti-a 2 < -5 . 5x1 CT 5 / °C is satisfied as a relationship 
of the thermal expansion coefficient cti of the plate spring and 
the thermal expansion coefficient a 2 of the magnetic head slider 
1. 

The magnetic head assembly of the present invention is 
also a magnetic head assembly comprising: a magnetic head slider 
on which a magnetic read/write element to read and write 
information is mounted, a plate spring which is a thin plate 
for adhering to and supporting the magnetic head slider, a flexible 
circuit, and a load beam, wherein a thin film with a smaller 
thermal expansion coefficient than that of the material of the 
magnetic head slider is formed on the rear face of the sliding 
face of the magnetic head slider for a magnetic disk. 

The magnetic disk drive of the present invention is also 
a magnetic disk drive comprising: a magnetic head slider on which 
a magnetic read/write element to read and write information is 
mounted; a thin film formed on the rear face of the sliding face 
of the magnetic head slider for a magnetic disk; a suspension 
comprising a. plate spring which is a thin plate for adhering 
to and supporting the rear face of the magnetic head slider via 
the thin film, a flexible circuit and a load beam; a magnetic 
disk for holding information : rotation drive means of the magnetic 
disk; and an actuator mechanism for moving a magnetic head assembly 
which comprises the magnetic head slider and the suspension along 
the information recording surface of the magnetic disk, wherein 
the thermal expansion coefficient of the thin film is smaller 
than the thermal expansion coefficient of the magnetic head 
slider . 

The magnetic head assembly of the present invention is 
also a magnetic head assembly comprising: a magnetic head slider 
on which a magnetic read/write element to read and write 
information is mounted, a plate spring which is a thin plate 
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for adhering to and supporting themagnetic head slider, a flexible 
circuit, and a load beam, wherein the plate spring which is a 
thin plate for adhering to and supporting the magnetic head slider 
is constructed as a bi-metal structure of two thin plates with 
different thermal expansion coefficients. 

The magnetic disk drive of the present invention is also 
a magnetic disk drive comprising: a magnetic head slider on which 
a magnetic read/write element to read and write information is 
mounted; a suspension comprising a plate spring which is a thin 
plate for adhering to and supporting the magnetic head slider, 
a flexible circuit and a load beam; a magnetic disk for holding 
information: rotation drive means of the magnetic disk; and an 
actuator mechanism for moving a magnetic head assembly which 
comprises the magnetic head slider and the suspension along the 
information recording surface of the magnetic disk, wherein the 
plate spring which is a thin plate for adhering to and supporting 
the magnetic head slider is constructed as a bi-metal structure 
of two thin plates with different thermal expansion coefficients . 

The magnetic disk drive of the present invention is also 
a magnetic disk drive comprising: a magnetic head slider on which 
a magnetic read/write element to read and write information is 
mounted; a suspension comprising a plate spring which is a thin 
plate for adhering to and supporting the magnetic head slider, 
a flexible circuit and a load beam; a magnetic disk for holding 
information: rotation drive means of the magnetic disk; and an 
actuator mechanism for moving a magnetic head assembly which 
comprises the magnetic head slider and the suspension along the 
information recording surface of the magnetic disk, wherein the 
magnetic disk drive further comprises temperature detect ion means 
for detecting the internal temperature of the magnetic disk drive, 
and flying height control means for changing the flying height 
of the magnetic head slider with respect to the magnetic disk 
based on the temperature detection result by the temperature 
detection means. 

The magnetic disk drive of the present invention is also 
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a magnetic disk drive comprising: a magnetic head slider on which 
a magnetic read/write element to read and write information is 
mounted; a suspension comprising a plate spring which is a thin 
plate for adhering to and supporting the magnetic head slider, 
a flexible circuit and a load beam; a magnetic disk for holding 
information; rotation drive means of the magnetic disk; and an 
actuator mechanism for moving a magnetic head assembly which 
comprises the magnetic head slider and the suspension along the 
information recording surface of the magnetic disk, wherein the 
magnetic disk drive further comprises temperature detection means 
for detecting the internal temperature of the magnetic disk drive, 
and crown value control means for changing the crown value of 
the magnetic head slider based on the temperature detection result 
by the temperature detection means. 

As described above, according to the magnetic disk drive 
and magnetic head assembly of the present invention, stable 
magnetic reading and writing is possible under a wider range 
of temperature environmental conditions compared with prior art , 
and magnetic disk drives, which can be used even under environments 
where the use of magnetic devices was conventionally difficult, 
can be implemented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view depicting a magnetic head 
assembly according to Embodiment 1 of the present invention; 

Fig. 2 is a graph depicting the relationship between 
temperature and flying height characteristics of the magnetic 
head slider according to Embodiment 1 of the present invention; 

Fig. 3 is a graph depicting the relationship between 
normalized recording magnetic field strength and normalized 
flying height of the magnetic head slider; 

Fig. 4 is a graph depicting the relationship between 
normalized coercivity and temperature of a magnetic disk, and 
a normalized recording magnetic field of the magnetic head slider 
having an average rate of change of flying height of -0.1%/°C 
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to 0.5%/°C with respect to temperature; 

Fig. 5 is a graph depicting the difference ratio of 
coercivity and recording magnetic field strength with respect 
to the average rate of change of flying height; 

Fig. 6 is a graph depicting the relationship between 
normalized coercivity and temperature of the magnetic disk, and 
the normalized recording magnetic field of the magnetic head 
slider having a rate of change of a crown of 0.0 nm/°C - 0.8 
nm/°C with respect to the temperature; 

Fig. 7 is a graph depicting the difference ratio of 
coercivity and recording magnetic field strength with respect 
to the rate of change of the crown; 

Fig. 8 illustrates the change of crown value caused by 
the change of temperature; 

Fig. 9 is a graph depicting the relationship between the 
rate of change of crown and the difference of thermal expansion 
coefficients between the magnetic head slider and a plate spring; 

Fig. 10 is a graph depicting the crown value and the 
normalized flying height with respect to temperature according 
to Embodiment 1 of the present invention; 

Fig. 11 is a graph depicting the normalized coercivity 
of the magnetic disk and the normalized recording magnetic field 
of the magnetic head slider with respect to temperature according 
to Embodiment 1 of the present invention; 

Fig. 12 is a cross-sectional view depicting a magnetic 
head assembly according to Embodiment 2 of the present invention; 

Fig. 13 is a graph depicting the relationship between film 
thickness of a thin film with respect to slider film thickness, 
and a crown value, according to Embodiment 2 of the present 
invention; 

Fig. 14 is a cross-sectional view depicting the magnetic 
head assembly using a bi-metal as a plate spring; 

Fig . 15 is a block diagram depicting a general configuration 
of a magnetic disk drive according to Embodiment 3 of the present 
invention; 
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Fig. 16 is a diagram depicting a structure of a general 
magnetic disk drive; 

Fig . 17 is a diagram depicting details of a general magnetic 
head assembly; 

Fig. 18 is an exploded perspective view depicting a general 
magnetic head assembly; 

Fig. 19 is a graph depicting the relationship between 
temperature and coercivity of the magnetic disk; 

Fig. 20 is a diagram depicting the shape and configuration 
of a general magnetic head slider and the shape of its crown; 
and 

Fig. 21 is a graph depicting the relationship between the 
change of temperature and the normalized flying height when the 
crown does not change with respect to temperature. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiments of the magnetic head assembly and the magnetic 
disk drive of the present invention will now be described in 
detail with reference to the drawings. 

(Embodiment 1 ) 

Fig. 1 is a diagram depicting the configuration of the 
magnetic head assembly 3 according to the first embodiment of 
the present invention. In Fig. 1, the magnetic head slider 1 
is adhered to the plate spring 9 which is a flexure thin plate, 
and the plate spring 9 contacts the load beam 10 via the dimple 
12. The external size of the magnetic head slider 1 is about 
1.2 mm x 1.0 mm and the height is about 0.3 mm. The material 
of the magnetic head slider 1 is alumina carbide titanate, and 
the thermal expansion coefficient of alumina carbide titanate 
is 7.8 x 10" 6 /°C. The plate spring 9, which is a flexure thin 
plate, is made of a 36Ni-Fe alloy which is an alloy of nickel 
and iron. The thermal expansion coefficient of this alloy is 
1.2xlO" 6 /°C. 

The operation and function of the magnetic head assembly 
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3 constructed as above will now be described with reference to 
Fig. 2 - Fig. 11. 

Fig. 2 shows the flying height of the magnetic head slider 
1 with the configuration of the magnetic head assembly 3, analyzed 
using amodified Reynolds equation. Here the flying height refers 
to the physical air gap amount between the magnetic read/write 
element 20, which is installed at the air outflow end 19 of the 
magnetic head slider 1 and the magnetic disk 2. The abscissa 
indicates the position of the magnetic head slider 1 in the radius 
direction with respect to the magnetic disk 2, and the ordinate 
indicates the normalized flying height, normalized with the 
flying height of the magnetic head slider 1 at 25 °C. 

Compared with the prior art in Fig. 21, the flying height 
uniformly decreases from the inner periphery to the outer 
periphery at low temperatures, and the flying height uniformly 
increases from the inner periphery to the outer periphery at 
high temperatures. By decreasing the flying height at low 
temperatures, an effective recording magnetic field, applied 
to the magnetic disk 2 from the magnetic head slider 1, increases, 
and the effect of the increase of the coercivity of the magnetic 
disk 2 at low temperatures can be cancelled, and by increasing 
the flying height at high temperatures, the effect of the decrease 
of the coercivity of the magnetic disk 2 can be cancelled, so 
more stable magnetic recording can be performed under wider 
temperature environmental conditions . 

In the prior art, the change of flying height from the 
inner periphery to the outer periphery is about 8%, but if the 
magnetic head assembly 3 of Embodiment 1 of the present invention 
is used, the change of flying height from the inner periphery 
to the outer periphery of the magnetic head slider 1 decreases 
to about 4%, which is half of the prior art. This means that 
the present invention can make the spacing loss factor in the 
magnetic reading/writing uniform from the inner periphery to 
the outer periphery, andean improve the efficiency of themagnetic 
reading/writing of the magnetic disk drive. 
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Also the flying height from the inner periphery to the 
outer periphery is uniform, so optimization against contact of 
the magnetic head 1 and the magnetic disk 2 can be performed 
only at low temperatures when the flying height is low, which 
is advantageous to optimize the reliability of the magnetic disk 
drive . 

The present invention will now be described in more detail 
using the first embodiment. 

Fig. 3 shows the relationship between the magnetic field 
intensity and the normalized flying height at writing by the 
magnetic read/write element 20 on the magnetic head slider 1. 
The flying height is normalized by the space between the recording 
poles of the magnetic read/write element 20. 

Fig. 4 shows the temperature dependency of the normalized 
recording magnetic field (normalized with the recording magnetic 
field of the magnetic head slider 1 at 25°C) of the magnetic 
head slider 1 having an average rate of change of the flying 
height at -0.1%/°C to 0.5%/°C determined using the above 
relationship between the flying height and the normalized 
recording magnetic field. 

Here the average rate of change of the flying height is 
an average of the percentage of the change of the flying height 
per 1°C with respect to the flying height at the room temperature 
(25°C) in an arbitrary temperature range. Fig. 4 also shows the 
temperature dependency of the normalized coercivity of the 
magnetic disk 2, which is normalized with the coercivity of the 
magnetic disk 2 at the room temperature (25°C) . In order to cancel 
the change of the coercivity of the magnetic disk 2 by the change 
of temperature, the normalized coercivity and the normalized 
recording magnetic field must be on a same line, and as Fig. 
4 shows, the magnetic head slider 1 having the average rate of 
change of the flying height 0.3%/°C is the optimum. 

If the difference between the normalized recording magnetic 
field of the magnetic head slider 1 and the normalized coercivity 
of the magnetic disk 2 is defined as the difference ratio of 
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the recording magnetic field strength with respect to the 
coercivity, ±6% is allowed in a general magnetic disk drive in 
a 5 °C to 50 °C range of the guaranteed temperature as the difference 
ratio of the recording magnetic field strength with respect to 
the coercivity. Therefore in the following description on the 
reliability of the magnetic recording of the magnetic disk drive 
in an arbitrary temperature range, the difference ratio ±6% of 
the recording magnetic field strength with respect to the 
coercivity is used for evaluation. 

Fig. 5 shows the relationship between the rate of change 
of the flying height and the difference ratio of the recording 
magnetic field intensity with respect to the coercivity. In the 
range where the rate of change of the flying height is 0.15%/°C 
to 0 . 45%/°C, the difference ratio of the recording magnetic field 
strength with respect to the coercivity is ±6% or less, so by 
designing the rate of change of the flying height to be 0.15%/°C 
- 0.45%/°C, magnetic recording with a high reliability can be 
implemented in a temperature range that is wider than the prior 
art (-25°C.to 75°C in this example). 

If the rate of change of the flying height is not in a 
0.15%/°C to 0.45%/°C range, and if the rate of change of flying 
height is 0 . 15%/°C or less, the recording magnetic field strength 
becomes relatively too strong with respect to the coercivity 
of the magnetic disk at high temperatures, 75°C or higher, which 
affects adjacent tracks, and if the rate of change of flying 
height is even 0.1%/°C or less, then sufficient writing cannot 
be performed with the write magnetic field from the magnetic 
head slider not only at high temperatures but also at low 
temperatures, -25°C or less. If the rate of change of the flying 
height is 0.45%/°C or more, on the other hand, the recording 
magnetic field strength becomes relatively too strong with 
respect to the coercivity of themagnetic disk at low temperatures, 
which affects adjacent tracks. 

In the first embodiment of the present invention, an 
effective rate of change of the flying height is determined 
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assuming that the magnetic disk drive is used in a -25°C to 75°C 
range, but needless to say an effective rate of change of the 
flying height can be determined by a similar method according 
to the operating temperature conditions of the magnetic disk 
drive, and in theory a magnetic recording with high reliability 
can be implemented throughout low temperature to high temperature 
under any operating temperature condition, by decreasing the 
flying height at low temperatures and increasing the flying height 
when optimization is performed. 

In the first embodiment of the present invention, a 36Ni-Fe 
alloy of which the thermal expansion coefficient is lower than 
the magnetic head slider 1 is used for the plate spring 9 of 
the flexure 5, so that the crown value is changed by temperature 
using the difference of the thermal expansion coefficients of 
the magnetic head slider 1 and the plate spring 9, for controlling 
the flying height with respect to the change of temperature, 
but now the analysis result of the crown change value and the 
difference ratio of the recording magnetic field strength with 
respect to the coercivity is shown in Fig. 6 and Fig. 7. 
Considering each temperature and the crown value at a respective 
temperature, the flying height was analyzed using a modified 
Reynolds equation, then the recording magnetic field strength 
was determined based on the relationship between the flying height 
and the normalized magnetic field strength. 

Fig. 6 shows the temperature dependency of the normalized 
recording magnetic field and the temperature dependency of the 
normalized coercivity when the rates of change of the crown is 
0.0 nm/°C, 0.4 nm/°C and 0.8 nm/°C. As Fig. 6 shows, when the 
rate of change of the crown is 0 . 4 nm/ °C, the temperature dependency 
of the normalized recording magnetic field matches the 
temperature dependency of the normalized coercivity the most, 
and the variation of the coercivity caused by the change of 
temperature can be cancelled. Fig. 7 shows the rate of change 
of the crown and the difference ratio of the recording magnetic 
field strength with respect to the coercivity. As Fig. 7 shows, 
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when the rate of change of the crown is 0.26 nm/°C -0.62 nm/°C, 
the difference ratio of the recording magnetic field strength 
with respect to the coercivity is ±6% or less, and by designing 
the rate of change of the crown to be 0.26 nm/°C - 0.62 nm/°C, 
a magnetic recording with high reliability can be implemented 
in a temperature range wider than the prior art (-25°C to 75°C 
in this example) . If the rate of change of the crown is not in 
a 0.26 nm/°C to 0.62 nm/°C range, and if the rate of change of 
the crown is 0.26 nm/°C or less, sufficient writing cannot be 
performed with the write magnetic field from the magnetic head 
slider at low temperatures, -25°C or less, and if the rate of 
change of the crown is 0.62 nm/°C or more, on the other hand, 
the recording magnetic field strength becomes relatively too 
strong with respect to the coercivity of the magnetic disk at 
high temperatures , 75 °C or higher , which affects adj acent tracks . 

For the rate of change of the crown as well, just like 
the case of the rate of change of the flying height, an effective 
rate of change of the crown can be determined in a similar way 
according to the operating temperature conditions of the magnetic 
disk drive, and in theory a magnetic recording with high 
reliability can be implemented throughout low temperatures to 
high temperatures under any operation temperature condition by 
setting the crown to low at low temperatures so as to decrease 
the flying height, and by setting the crown to high at high 
temperatures so as to increase the flying height when optimization 
is performed. 

Now the rate of change of the crown and the configuration 
of the magnetic head assembly 3 will be studied. First the change 
of the crown by the change of the temperature depending on the 
difference of the thermal expansion coefficients between the 
magnetic head slider 1 and the plate spring 9 will be described 
with reference to Fig. 8. 

It is assumed that at temperature T = T 0 , the length of 
the magnetic head slider of the magnetic head assembly 3 is 1 0 , 
the thickness thereof is t 2 , the thermal expansion coefficient 
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thereof is a 2 , the thickness of the plate spring 9 is ti, and 
the thermal expansion coefficient thereof is oti, and cti < a 2 (see 
Fig. 8 (a) ) . 

If this magnetic head slider 1 is set under the conditions 
of T = Ti (dT = Ti - To < 0) , and the magnetic head slider 1 and 
the magnetic head slider contact section of the plate spring 

9 are considered independently, then the respective lengths are 

1 0 + lo x a 2 x dT 

1 0 + lo x cti x dT (see Fig. 8 (bl) ) . However actually the magnetic 
head slider 1 and the plate spring 9 are adhered to be a continuous 
body, so tensile stress is generated inside the magnetic head 
slider 1, and compressive stress is generated inside the plate 
spring, and a negative change of the crown value hi is generated, 
as shown in Fig. 8 (cl) . 

Under the conditions of T = T 2 (dT = T 2 - T 0 > 0) , on the 
other hand, tensile stress is generated inside the plate spring 
9 and compressive stress is generated inside the magnetic head 
slider 1, and positive change of the crown value is generated, 
as shown in Fig. 8 (c2) . In the present description, the T = 
T 0 status where the crown value is 0 is shown, but this is merely 
to simplify description, for the crown may essentially be any 
value in the T = T 0 status. 

Now the relationship between the thermal expansion 
coefficient and the rate of change of the crown will be studied 
in more detail using the case of T = Ti in Fig . 8 . If the deformation 
value of the magnetic head slider 1 is X2 and the deformation 
value of the plate spring is XI in an independent status at 
temperature T = TI, then 

X 2 = lo x <x 2 x dT 
A,i = 1 0 x oti x dT. 
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If the length of combining the face in combined status is 
X, and the stress distribution inside has the next function with 
respect to the vertical direction, then the forces that work 
inside the magnetic head slider 1 and the plate spring 9 are 
respectively 

P 2 = b x t 2 x (X 2 - X) x E 2 /(2 • 1 0 ) 
Pi = b x ti x (Xi - X) x Ei/ (2 • 1 0 ), 

and Pi + P 2 = 0 since the components are continuous (here b is 
the contact area, and E x and E 2 are the Young's modulus of the 
magnetic head slider 1 and the plate spring 9 respectively) . 
From the above expressions the following relational expression 
can be acquired. 

X = (ti x Ei x X 1 + t 2 x E 2 x X 2 ) / (ti x Ei + t 2 x E 2 ) 
Expression (1) 

Since the thickness of the plate spring 9 is sufficiently smaller 
than the thickness of the magnetic head slider 1, the length 
between the connection face and the magnetic header slider 1 
is approximately 1 0 - X 2 . 

If the crown value is h and the radius of curvature is 
r, then 

(r - t 2 ) : r = 1 0 - X : 1 0 - X 2 
r: (1/2) (lo - X 2 ) = (1/2) (1 0 - X 2 ) = h 

and the following relational expression on the crown value is 
determined. 

h = (X = X 2 ) (1 0 - X 2 ) / (4 • t 2 ) Expression (2) 

The following values are substituted in the relationship 
of Expression (1) and Expression (2) and the relationship of 
the difference of the thermal expansion coefficients and the 
rate of change of the crown were determined, and the result is 
shown in Fig. 9. 
ct 2 = 7.8 x icr 6 / e c 
Ei = 14000 Kgf/mm 2 
E 2 = 40000 Kgf/mm 2 
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lo - 1.2 mm 
T 0 = 25°C 
Ti = -25°C 
ti = 0.035 mm 
t 2 = 0 . 3 mm 

When the thermal expansion coefficient difference is -0 . 55 
x 10~ 6 /°C to 1 . 52 x 10~ 6 /°C, the variation of the crown with respect 
to the temperature is 0.26 nm/°C -0.62 nm/°C. Therefore if the 
magnetic head slider 1 is made of alumina carbide titanate, then 
material with a thermal expansion coefficient of 0.23 x 10" 6 to 
0.74 x 10~ 6 is used for the plate spring 9 (or an alloy containing 
iron, nickel and cobalt may be used as another example of the 
material of the plate spring) , then the flying height of the 
magnetic head slider 1 can be appropriately controlled with 
respect to the temperature, and the temperature dependency of 
the coercivity of the magnetic disk 2 can be cancelled in a 
temperature range wider than the prior art (-25°C to 75°C in 
this example) , and a magnetic recording with high reliability 
can be implemented. 

Fig. 10 and Fig. 11 show the detailed analysis results 
when an invar-alloy (36Ni-Fe) having a 1 . 2xl0" 6 thermal expansion 
coefficient is used for the plate spring 9 of the first embodiment 
of the present invention. Fig. 10 is a result of determining 
the change of the crown and the flying height with respect to 
each temperature by an analysis similar to Fig. 8 and by an analysis 
of the modified Reynolds equation respectively. Fig. 11 shows 
the normalized magnetic recording magnetic field calculated from 
the flying height analysis result of each temperature, which 
is shown along with the normalized coercivity of the magnetic 
disk 2. In Embodiment 1, in the temperature range of -50 °C to 
100°C, the difference ratio of the recording magnetic field 
strength with respect to the coercivity is ±6% or less, and 
variations of the coercivity of the magnetic disk 2 can be cancelled, 
and a magnetic recording with high reliability can be implemented. 

As described above, according to the first embodiment of 



23 



the present invention, material of which the thermal expansion 
coefficient is smaller than that of the magnetic head slider 
1 and the difference of the thermal expansion coefficients becomes 
-0. 55 x 1CT 6 to 1 . 52 x 1CT 6 is used for the plate spring 9, therefore 
a magnetic recording with reliability can be performed in a 
temperature range wider than the prior art. 

(Embodiment 2) 

Fig. 12 is a diagram depicting the configuration of the 
magnetic head assembly 3 according to the second embodiment of 
the present invention. In Fig. 12, a thin film 7 is formed on 
the rear face of the sliding surface for the magnetic disk 2 
of the magnetic head slider 1, and the magnetic head slider 1 
is adhered to the plate spring 9 which is a flexure thin plate 
via this thin film 7. The plate spring 9 contacts the load beam 
10 via the dimple 12. The external size of the magnetic head 
slider 1 is about 1.2 mm x 1.0 mm and the height is about 0.3 
mm. The material of the magnetic head slider 1 is alumina carbide 
titanate, and for the thin film 7, a 36Ni - Fe alloy, which is 
an alloy of nickel and iron, is used. The thermal expansion 
coefficient of alumina carbide titanate is 7.8 x 10" 6 /°C, and 
the thermal expansion coefficient of the 36Ni - Fe alloy is 1.2 
x 10" 6 /°C. 

Fig. 13 shows the relationship between the rate of change 
of the crown and the film thickness t of the thin film 7 when 
the film thickness of the thin film 7 is t, the thermal expansion 
coefficient thereof is a x , and the thermal expansion coefficient 
of the magnetic head slider 1 is a 2 . The abscissa indicates a 
percentage of the film thickness t of the thin film 7 with respect 
to the film thickness of the magnetic head slider 1, and the 
ordinate indicates the rate of change of the crown. This analysis 
was performed using the same analysis method as Embodiment 1, 
which was described with reference to Fig. 8, and the parameter 
values used for calculation are the same as Embodiment 1. 

When the film thickness of the thin film 7 is 10% to 50% 
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of the film thickness of the magnetic head slider 1, and if (oti 
- ct 2 ) x t is in a -2.20 x 10" 7 mm/°C to 4.60 x 10" 7 mm/°C range, 
the rate of change of the crown is 0.26 nm/°C to 0.62 nm/°C. 
Therefore by designing the material and the thickness of the 
thin film to be -2.20 x 10" 7 mm/°C > (a x - a 2 ) x t x > -4.6 x 10" 7 
mm/°C / the flying height of the magnetic head slider 1 can be 
appropriately controlled with respect to the temperature and 
the temperature dependency of the coercivity of the magnetic 
disk 2 can be cancelled in a temperature range wider than the 
prior art (-25°C to 75°C in this example) , and magnetic recording 
with high reliability can be implemented. 

In the first embodiment, the crown value is changed with 
respect to the change of the temperature using the difference 
of the thermal expansion coefficients of the magnetic head slider 
1 and the plate spring 9, and in the second embodiment, the crown 
value is changed using the thermal expansion coefficient and 
the film thickness of the magnetic head slider 1 and the thin 
film 7 formed on the rear face of the magnetic head slider 1, 
but the present invention is not limited to these configurations, 
and the essential character of the present invention is that 
the variations of the coercivity of the magnetic disk 2 caused 
by the change of temperature is cancelled by controlling the 
flying height of the magnetic head slider 1 with respect to the 
temperature so as to be a low flying height at low temperatures 
and a high flying height at high temperatures, and as a result 
stable magnetic recording is performed in a temperature range 
which is wider than prior art. Therefore as Fig. 14 shows, the 
magnetic head assembly 3 with a rate of change of the crown in 
a 0.26 to 0.62 nm/°C range can be constructed in the same way 
as Embodiments 1 and 2, using the plate spring 6 with a bi-metal 
structure, or the rate of change of the flying height with respect 
to the change of the temperature can be in a 0.15%/°C to 0.45%/°C 
range by changing not only the crown value but also by changing 
the static load applied on the magnetic head slider 1 from the 
plate spring 9 depending on the temperature. 
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(Embodiment 3) 

Fig. 15 is a block diagram depicting the configuration 
of the magnetic disk drive according to the third embodiment 
of the present invention. 

In Fig. 15, the magnetic head assembly 3 comprises a magnetic 
head slider 1 on which a magnetic read/write element 20 for reading 
and writing information is mounted, a suspension 4 which further 
comprises a plate spring 9, a flexible circuit 8 and a load beam 
10, and a piezoelectric element 31 which functions as the flying 
height control means. The read/write circuit section 42 
comprises circuits which generate write signals, generate read 
information from the read signals amplified by the preamplifier 
43, and modulate/demodulate the read/write signals, and the 
actuator mechanism 13 comprises an arm which supports the magnetic 
head assembly 3 and a drive mechanism for rotating this arm around 
a bearing 14 within a predetermined angle range, that is a voice 
coil motor 15. 38 is a voice coil motor drive circuit for driving 
the actuator mechanism 13, and supplies the required current 
to the voice coil motor so that the magnetic read/write element 
20 on the magnetic head slider can position to a target track 
based on the control signal from the CPU 33, which will be described 
later . 

The CPU 33 performs positioning control based on the servo 
data acquired from the servo data detection circuit 4 1 and commands, 
including read/write address information, which is input from 
the host 37 via the HDC 34. The CPU 33 loads the temperature 
detection information detected by the temperature sensor 32 via 
the amplification circuit 44 and the A/D converter 45, determines 
the flying height at which writing is possible with respect to 
the temperature by calculation or based on a table stored in 
the ROM 35 in advance, and adjusts the flying height by changing 
the crown value. Specifically the target crown value calculated 
by the CPU 33 or acquired based on a table stored in the ROM 
35 in advance is input into the crown value control circuit 40, 
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and the crown value control unit 40 applies control voltage to 
the piezoelectric element 31 to control the crown value of the 
magnetic head slider 1 to the optimum. 

The rate of change of the flying height required for the 
desired temperature environment conditions, that is the rate 
of change of the crown in this case, is the same as Embodiment 
1, so description thereof is omitted here. 

As described above, according to Embodiment 3, the crown 
value is actively controlled based on the temperature information 
measured by the temperature sensor 32, so that the flying height 
of the magnetic head slider is adjusted and the temperature 
dependency of the coercivity of the magnetic disk 2 is cancelled, 
therefore magnetic recording with high reliability can be 
implemented . 

In Embodiment 3, the target flying height is acquired by 
controlling the crown value of the magnetic head using the crown 
value control circuit 40, but the target flying height can be 
acquired by such a method as controlling the static load to be 
applied to the magnetic head slider 1, and a similar effect can 
be acquired by controlling the flying height using the flying 
height control means so as to be a low flying height at low 
temperatures and a high flying height at high temperatures based 
on the temperature detection result by the temperature detection 
means 32 . 



